Benign prostatic hyperplasia (BPH) and related lower urinary tract symptoms (LUTS) are common disorders in aging men. Plant extracts are widely used in the treatment of BPH and related LUTS. In fact, phytotherapeutic agents, including saw palmetto extract (SPE), are very popular in many European countries as herbal remedies, representing up to 80% of all drugs prescribed for these disorders.
Male rats were killed by taking the blood from the descending aorta under temporary anesthesia with diethyl ether and the brain (except for cerebellum) was excised after being perfused with cold saline from the aorta. The brain was homogenized by a Kinematica Polytron homogenizer in 19 volumes of ice-cold 50 mM Tris-HCl buffer (pH 7.4). The homogenate was then centrifuged at 40000ϫg for 20 min at 4°C, and the suspension of the pellet was centrifuged again under similar conditions. The resulting pellet was finally suspended in 29 volumes of 50 mM Tris-HCl buffer (pH 7.4).
In the presence of various concentrations of SPE and fatty acids, the brain homogenate (3 mg) was incubated with 0.25 nM [ 3 H]NMS in a total volume of 0.5 ml in 30 mM Na ϩ /HEPES buffer (pH 7.5). The incubation was carried out for 60 min at 25°C. In the presence of various concentrations of SPE and fatty acids, the brain homogenate (10 mg) was incubated with 0.25 nM [
3 H]prazosin in a total volume of 1 ml in 50 mM Tris-HCl buffer (pH 7.4). The incubation was carried out for 30 min at 25°C. In the presence of various concentrations of SPE and fatty acids, the brain homogenate (5 mg) was incubated with 0.30 nM (ϩ)-[ 3 H]PN 200-110 in a total volume of 0.5 ml in 50 mM Tris-HCl buffer (pH 7.4). The incubation was carried out in the dark with a sodium lamp for 60 min at 25°C. Each reaction was terminated by rapid filtration (Cell Harvester, Brandel Co., Gaithersburg, MD, U.S.A.) through Whatman GF/B glass fiber filters, and the filters were then rinsed three times with 3 ml of ice-cold 50 mM Na/K ϩ phosphate buffer. Tissue-bound radioactivity was extracted from the filters by placing them overnight in scintillation fluid (2 l toluene, 1 l Triton X-100, 15 g 2,5-diphenyloxazole, 0. ]PN 200-110 was determined experimentally from the difference between counts in the absence and presence of 1 mM atropine, 10 mM phentolamine and 1 mM nifedipine, respectively. Protein concentrations were measured by the method of Lowry et al. 16) Microsomal Preparation, 5a a-Reductase Activity, and LC/MS Analysis The liver microsomes of rats were prepared as reported by Liu et al. with some modifications. 17, 18) The liver was removed from female rats and homogenized in 4 volumes of medium A (0.32 M sucrose, 1 mM dithiothreitol, and 20 mM sodium phosphate, pH 6.5). The homogenate was then centrifuged at 10000ϫg for 10 min. The supernatant was further centrifuged at 105000ϫg for 1 h twice. The microsomal fraction was suspended in 1 volume of medium A, and the dispersion of microsomes was achieved using a syringe with 18 G, 23 G, and 26 G needles in succession. Protein concentrations were measured by the method of Bradford.
19) The microsomal suspension was stored at Ϫ80°C just prior to use. A complete reaction mixture included 1 mM dithiothreitol, 20 mM phosphate buffer (pH 6.5), 50 mM testosterone, 167 mM reduced nicotinamide adenine dinucleotide phosphate (NADPH), and the microsomes (0.2 mg of protein) in a final volume of 0.3 ml. Fatty acids were added to the reaction solution including the microsomal fraction. The incubation was carried out for 10 min at 37°C, by the addition of microsomes and NADPH to the pre-heated reaction solution. The incubation was terminated by adding 10 mM of 2 M NaOH. To extract metabolites, 10 ml of internal standard (30 mM dexamethasone) and 0.6 ml of ethyl acetate were added, and the tubes were capped and shaken. The organic layer was evaporated with a stream of nitrogen gas. The residue was dissolved in 50 ml of metahnol.
Chromatography was performed using Alliance2795 equipped with a column oven (Waters, Milford, U.S.A.). The HPLC system was coupled to a ZQ2000 (Waters), operating in positive ion mode. The source temperature was set at 120°C with a cone gas flow of 62 l/h, a desolvation gas temperature of 350°C, and a nebulization gas flow of 323 l/h. The capillary voltage was set at 3.1 kV and the cone voltage to 40 V. A 5 ml aliquot of sample was injected onto a Xterra ® MS C18 (2.1 mm i.d.ϫ150 mm, 5 mm) column. The column was maintained at 40°C. The solvent system used was 0.1% formic acid (aq.) as solvent A and acetonitrile containing 0.1% formic acid as solvent B. Solvent B was increased from 45 to 95% over 5 min. The mobile phase was then held at this composition for 2 min and then returned to 45% solvent B at 7.01 min. Including column re-equilibration the total HPLC cycle time was 13 min. An eluent flow rate of 250 ml/min was used for all analyses. The monitoring ions were as follows: The ability of each agent to inhibit the specific binding of a radioligand and the 5a-reductase activity was estimated from the IC 50 values, namely the concentration of the agent necessary to displace 50% of the specific binding of the radioligand and to inhibit 50% of the 5a-reductase activity (determined by a log probit analysis). The data were expressed as the meanϮS.E. The statistical analysis of the data was performed with a one-way analysis of variance (ANOVA), followed by Dunnett's test for multiple comparisons. Statistical significance was accepted at pϽ0.05. 3 H]NMS in the rat brain homogenates were examined. Although the lower urinary tract is clinically important target of SPE, in this study, the brain tissue was used because of a similarity between brain and lower urinary tract of pharmacological agents and SPE in binding affinities of a 1 -adrenergic, muscarinic and 1,4-DHP receptors 10, 20, 21) and also because of less amount of nonspecific binding for each radioligand in the brain compared to the bladder and prostate. SPE (10-200 mg/ml) inhibited specific [ 3 H]prazosin binding in a concentration-dependent manner (Fig. 1A) . The IC 50 value was 106 mg/ml (Table 1) . Similarly, lauric acid, oleic acid, myristic acid, palmitic acid and linoleic acid (10-300 mg/ml) inhibited specific [ 3 H]prazosin binding in a concentration-dependent manner (Fig. 1A) . Their IC 50 values ranged from 23.8 to 136 mg/ml (Table 1) . Linoleic acid was the most potent inhibitor of [ 3 H]prazosin binding sites, followed by oleic acid, myristic acid, lauric acid and palmitic acid. The inhibitory effects of linoleic acid, oleic acid and myristic acid were 1.7-4.5 times greater than the effect of SPE. SPE, lauric acid, oleic acid, myristic acid and linoleic acid (30-300 mg/ml) inhibited specific [ 3 H]NMS binding in the rat brain in a concentration-dependent manner, but palmitic acid had little effect (Fig. 1B) . Respective IC 50 values were 185, 169, 70.6, 105 and 56.4 mg/ml ( Table 1 ). The inhibitory effects of these fatty acids except lauric acid were 2-3 fold greater than the effect by SPE, and the order of inhibitory potency was the same as that described for (Fig. 1C) , and their IC 50 values ranged from 24.5 to 79.5 mg/ml ( Table 1 ). The inhibitory effects of linoleic acid and oleic acid were greater than the effect by SPE, lauric acid or palmitic acid.
RESULTS

Effects on
A Scatchard analysis revealed that oleic acid (52.7 mg/ml) and lauric acid (73.5 mg/ml) around IC 50 concentrations reduced significantly (39%, 33%, respectively) the B max values for specific [ Effects on 5a a-Reductase Activity Previously, radiolabeled testosterone was used as a substrate for the determination of 5a-reductase activity. 17, 18, 22) However, the use of radiolabeled compounds is inconvenient for routine assays. In addition, it is necessary to separate testosterone and radiolabeled DHT using HPLC or TLC. Thus, we developed a method that utilizes electrospray ionization (ESI)-LC/MS without radiolabeled testosterone by modifying Liu's method. 17, 18) 5a-Reductase activity was evaluated by measuring the ratio of DHT area to internal standard area. Figure 2 shows selected ion chromatograms of DHT and dexamethasone as an internal standard. In the assay using LC/MS, finasteride, a typical 5a-reductase inhibitor, markedly inhibited the enzyme's activity with a IC 50 of 0.66 mM which agreed with a previously reported value (0.73 mM).
18) SPE (40-300 mg/ml) inhibited the 5a-reductase activity in a concentration-dependent manner (Fig. 3) , with a IC 50 value of 101 mg/ml (Table 3 ). All the fatty acids (10-300 mg/ml) except palmitic acid, inhibited the activity in a concentration-dependent manner (Fig. 3) . Their IC 50 values ranged from 42.1 to 67.6 mg/ml (Table 3 ). The inhibitory effects of these fatty acids were greater than the effect by SPE. Palmitic acid did not inhibit significantly the 5a-reductase activity.
DISCUSSION
The major findings of this study are that lauric acid, oleic acid, myristic acid and linoleic acid, the major constituents of SPE, as well as SPE itself, actively bound to pharmacologically relevant (a 1 -adrenergic, muscarinic and 1,4-DHP) receptors in rat brain, and significantly inhibited 5a-reductase activity in rat liver. 50 values, the activity to bind a 1 -adrenergic and muscarinic receptors of linoleic acid, oleic acid, and myristic acid was 1.7-4.5 times greater than that of SPE. Similarly, the 1,4-DHP receptor binding activity of linoleic acid, oleic acid, and myristic acid was approximately 1.3-2.4 times greater than that of SPE. The receptor binding activity of lauric acid and palmitic acid was similar to that of SPE.
The receptor binding activity of unsaturated fatty acids (oleic acid, linoleic acid) tended to be greater than that of saturated fatty acids (lauric acid, myristic acid, palmitic acid). Vijayaraghavan et al. 23) reported that the activity to bind a7-containing nicotinic receptor of linolenic acid (C18:3) having three double bonds was greater than that of linoleic acid (C18:2). Thus, the receptor binding activity of fatty acids was suggested to increase with the degree of unsaturation. By contrast, the receptor binding activity of myristic acid (C14:0) was greater than that of palmitic acid (C16:0) or lauric acid (C12:0). There seemed to be little apparent relationship between receptor binding activity and bond lengths in saturated fatty acids.
The Scatchard analysis revealed that lauric acid and oleic acid caused a significant decrease in the B max for specific [ 3 H]prazosin binding ( 26) showed that arachidonic acid inhibited specific [ 25) the incubation of membranes with free unsaturated fatty acids induces a conformational transformation of the unoccupied muscarinic receptor form R to R*. As the conformation R* is not able to bind (Table 2) . Pepe et al. 27) reported that docosahexaenoic acid inhibited the actions of a Ca 2ϩ channel agonist (BAY K 8644) and antagonist (nitrendipine) in rat cardiac myocytes. As the inhibitory mechanism, docosahexaenoic acid was assumed to bind Ca The activity of 5a-reductase was measured in the absence and presence of various concentrations (10-300 mg/ml) of SPE, lauric acid, oleic acid, myristic acid, palmitic acid and linoleic acid. Each point represents the meanϮS.E. of five to six determinations. The activity of 5a-reductase in the rat liver was determined in the absence and presence of various concentrations (10-300 mg/ml) of SPE, lauric acid, oleic acid, myristic acid, and linoleic acid. Values are the meanϮS.E. of five to six determinations. channels at or near the 1,4-DHP binding sites and to alter the specific protein-lipid and lipid-lipid relationship between Ltype Ca 2ϩ channels in cardiac membranes. 27) Previous studies have shown the physiological and pharmacological roles of 1,4-DHP receptors in the bladder. In fact, our previous study has demonstrated that (ϩ) 15) Thus, these data suggest the physiological and pharmacological roles (relaxant effects etc.) of 1,4-DHP receptors in the rat bladder.
We developed a convenient method of determining 5a-reductase activity using LC/MS and non-labeled testosterone. SPE, lauric acid, oleic acid, myristic acid and linoleic acid inhibited 5a-reductase activity in a concentration-dependent manner (Fig. 3, Table 3 ). The inhibitory effect of each fatty acid was similar but seemed to be slightly more potent than that of SPE (Table 3) . Consistent with our results, Raynaud et al. 22) reported that palmitic acid was inactive in the inhibition of 5a-reductase. The inhibitory effect on 5a-reductase activity by each fatty acid (Table 3) was roughly similar to their affinity for pharmacologically relevant receptors ( Table  1) . The possibility cannot be ruled out that each fatty acid inhibited the enzyme activity and the binding of radioligands in a nonspecific manner, by influencing the bio-membrane fluidity of receptors and enzymes.
It is reported that SPE contains 30.2% lauric acid, 28.5% oleic acid, 12.1% myristic acid, 9.5% palmitic acid, and 4.6% linoleic acid. 12 50 values of 106, 185 and 59.7 mg/ml, respectively. SPE at a concentration of 106 mg/ml was estimated to contain 32.0 mg/ml of lauric acid, 30.2 mg/ml of oleic acid, 12.7 mg/ml of myristic acid, 10.1 mg/ml of palmitic acid and 4.9 mg/ml of linoleic acid. The sum of inhibitory rates for the binding of [ 3 H]prazosin at each concentration of these fatty acids (Fig. 1A) .2% and 37.8%, respectively. Furthermore, the IC 50 value for the inhibition of 5a-reductase activity by SPE was 101 mg/ml, and the sum total of inhibition by each fatty acid contained in 101 mg/ml of SPE was only 11.3%. Thus, the sum of the inhibition by each fatty acid was less than 50%. Namely, the receptor binding activity and inhibitory effect on 5a-reductase activity of SPE was assumed to be due to the synergistic effects of the fatty acids contained in SPE. SPE contained 28.5% oleic acid, the receptor binding activity of which was relatively greater than that of lauric acid, myristic acid or palmitic acid. Linoleic acid seemed to have the greatest receptor binding activity and inhibitory effect on 5a-reductase activity among the free fatty acids contained in SPE. Based on IC 50 values, the pharmacological activities of linoleic acid were slightly (1.3-2.0 times) greater than those of oleic acid. However, the amount of linoleic acid was about one-sixth of that of oleic acid. The contribution of oleic acid to the pharmacological activities of SPE may be 3-4.6 times greater than that of linoleic acid. Thus, it is likely that oleic acid contributes extensively to the pharmacological effects of SPE.
